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修饰的纳米金（GSH-GNPs）。并以 GSH 为偶联剂，通过叶酸的氨基与 GSH 的
羧基反应，制备出叶酸修饰的纳米金颗粒（FA-GSH-GNPs）。这种纳米粒子在 pH


























































Gold nanoparticles（GNPs） have many unusual chemical and physical properties 
such as unique optical effects, novel electrical effects and excellent biological affinity. 
Gold nanoparticles not only are widely used in the catalysis, self-assembly, 
microelectronics, sensors fields, but also show broad prospects in the biomedical field, 
such as biological label, nucleic acid detection, gene amplification, drug delivery, and 
transcription regulation. This paper focuses on using two different methods to prepar 
folate receptor targeted gold nanoparticles and the application in cancer cells 
detection.  
Gold nanoparticles were prepared by microwave heating an aqueous solution of 
HAuCl4/ Sodium citrate and sodium citrate was the reducing agent. Gold 
nanoparticles were modified with glutathione (GSH) to form GSH capped GNPs, 
which have carboxyl groups on the surface of these nanoparticles. Then folic acid (FA) 
was conjugated with GNPs through the reaction between amino group of FA and 
carboxyl group of GSH. These folic acid-conjugated nanoparticles (FA-GSH-GNPs) 
were stable in aqueous solution over a broad range of pH (3-11) and ionic strength 
values (0.01-0.5 mol/L). FA-GSH-GNPs was charactered by UV-Vis spectroscopy 
(UV-Vis), transmission electron microscopy (TEM) and Zeta-Size. The results showed 
that the preparation of FA-GSH-GNPs had sphere morphology, uniform dispersion of 
particles size and good stability. Surface functional groups and surface composition 
were analyzed by Fourier transform infrared (FTIR), X-ray photoelectron (XPS) and 
Raman spectroscopy (Raman). MTT assay revealed that FA-GSH-GNPs had good 
biocompatibility. The targeting of FA-GSH-GNPs in human cervices carcinoma cells 
(HeLa cells) with high-level folate receptor expression was confirmed by TEM and 
laser scanning microscopy (CLSM). No cellular uptake of these nanoparticles was 
observed in A549 cells which lack of folate receptor.  















high expression folate receptors, HeLa cells and mouse fibroblasts incubated with 
FA-GSH-GNPs were assayed by measuring the relative absorbance of the supernatant 
collected at low-speed centrifugation. Based on this simple spectroscopic method, 
human cervices carcinoma cells (HeLa cells) have been detected with a detection limit 
of 102 cells/mL.This method has higher detection sensitivity and selectivity, much 
cheaper than other expensive methods used for cancer cell detection. 
The other method to prepare folic acid functional gold nanoparticles (FA-GNPs) 
by microwave heating an aqueous solution of HAuCl4/FA in which FA acts as both 
the reducing and stabilizing agent. Through changing the concentration of folic acid 
and HAuCl4, pH value and reaction time to investigate the different conditions effect 
the formation of FA-GNPs. The successful formation of FA-GNPs was charactered 
by UV-Vis spectroscopy, TEM, Zeta-Size, XPS, FTIR and X-ray diffraction (XRD). 
We anlysised the particles morphology, size, surface charges, surface elements, 
chemistry groups and crystal morphology, respectively. The results showed that the 
preparation of FA-GNPs have sphere morphology, uniform dispersion of particles 
size and good stability. Folic acid molecule as a stabilizing agent attached on the 
surface of the nanoparticles. WST-1 assay demonstrated that FA-GNPs had good 
biocompatibility. The intracellular uptake of these nanoparticles was facilitated by 
HeLa cells overexpressing the folate reporter, which itself was significantly inhibited 
by free FA in a competitive assay as quantified by inductively coupled plasma mass 
spectroscopy (ICP-MS). It confirmed that the folic acid on the particles surface 
always had activty. So the FA-GNPs had good ability on folate receptor targeting. In 
addition, the FA-GNPs were also used to detect the cancer cells which were high 
expression folate receptors, HeLa cells and mouse fibroblasts incubated with 
FA-GSH-GNPs were assayed by the same method, human cervices carcinoma cells 
(HeLa cells) have been detected with a detection limit of 750 cells. Although the 
limit detection of HeLa cells by FA-GNPs were lower than by FA-GSH-GNPs high, 
but its preparation process was much more convenient and fast. 
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